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SAPPHIRE SUBSTRATE 



(57) Abstract: A semiconductor light-emitting device that can be produced with fine tolerances without complexing the manufac- 
turing process and without inviting degradation of crystal linity. A light-emitting device is fabricated by forming a selective crystal 
growth layer formed by selectively growing a Wurtzite compound semiconductor, a clad layer of first conductivity type formed on 
the selective crystal growth layer, an active layer, and a clad layer of second conductivity type. The active layer is the one extending 
parallel to different crystal faces, the one larger than the diffusion length of atoms forming a compound crystal, or the one comprising 
emission wavelength regions at least either the compositions or thicknesses of which are different from each other, and thereby the 
emission wavelengths of which are different from each other. Currents are injected into the emission wavelength regions, respec- 
tively. Thanks to the structure by selective growth, the bandgap energy varies in the same active layer, thereby producing a device 
and apparatus with fine tolerances without complexing the manufacturing process. 
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25 Mft^^fc^T-y 7**«ai^<Tii[*fc:jfi^AFM«*lJlt)a^** 
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yt2b & £ ± tf z £ t a* t * * . 

5 t"7X^I5 2©HP?S5 3 ft^ iTlKlJft l/lblft tl AAAI i I 
TO'>'j3>F-^©GaNi 5 4 £*TUTV>5o £ ©^ U.3 > 
OGaN!54lt S«±iS taMLT&S S W*^ LT£ 0 , £© 
S®fc¥fTfcM£LTftS^#T?£teJlT&<3 I n G a NJi 5 5**JM 
£££-€-© InGaNi5 5±l:^77 KIiLT7^->^A 
10 ^-y0GaNi5 6MSnTU5. 

->'j3>H-y©GaNl 5 4fcS®T!43fcfrtt&;*AfcHM*T?*l) 
, TgttSTfcS I n G a NI 5 5 te^W&S ®£¥fr LT3££S*lT^ 
£„ CCD I nGaNjf 5 5tel n ©KifcS&SteJf ©*£ $ fCjt^T^ 

«K:ifiV>fi5»3^fi»SflIi:$nfc^l75M®3 05g3t«fi««6 3, 6 
4, 65^InGaNi5 5 £3«£nTV>5. 

£ft&©8l75£&3 0SS3te«6«*6 3, 6 4, 6 5 fc^JSbT? 
^*->£A K-:/©G aNS 5 6©±tCtepmi§5 7, pll58, p 
20 ig5 9*M$nT*3 0, -tft^ftttfil/Tfcfc 175MSg3 ©2§ft& 
J^i&6 3, 6 4, 6 5 fc*ift©&A*«Rjfcifc'3*CV>*. ni!6 0 
tt, AA«fe»£©tt*rcllPanfcHP»-6 l©**l:il*SnT*l) 
, i/U n>H-7 p ©G aNI 5 l$^lt"> , Jn>h*-^©GaNl5 
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&m£VX0 : sV3>\t-'7<DG aNl 5 4 ©gft^Mfr e>4g&l/fc S 

v/i i i it*n<-fz>z.ttf»im-T:&K), mj&iEnz^mftmytm? 

©^fn^0A'777l£MT5. 0 0 0*Clc:#MbTTttI 

20 SIItlT'>'j3>K-^GaN17 1^t5. Si 
O^fcttS i N£ffiV>fc*?X£l££Mt::ffS 10 0 nmflS5 0 0 
nm©f5fflT^J&U 1 0 umUm<DX hy^-f^<om^7 2S1- 

fifel-S. ^OtR I ET1 0 ^raggly^V^tS. 
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OGaNi7 3$l«Ml:J;oTMt5. > »J 3 > F-7© G a N 
17 3«g:S$7 2 Itf6<fifi€«»5tl2 O01C 

j*T»Nff«*#©JBtt&*MbT< 5. $&fc*>'J 3>H-y©G aN 

NJi 7 4 InGaN|74©f^ttO. 5nmi^3nm 

ggT^S. S&fc (Al) GaN/InGaNli©if#Fii ( 
QW) ^Mfi^Ffltii (MQW) fcZ\Z?ZZLt%&K). 1i< KJf 
GaN*fcttI nG a N £fflV>T#**?l3£<!:T£ d £ fcfcSo -£©l&* 

10 I n GaNOtClOilCttA 1 G a NiS^ltS II tWm& b V> 6 
&ftMfc±ffU H2 1 St^ti^CTnvf^ F-:/ 
C0GaNi7 5 &J&fi-T£. 

S 6lCJ:0BfcldGfib&*$BfcN i /P t /AutfcSN i (P d 
) /Pt/Au^Ifl/, «2 2HK*ti5l:p*S7 6^^i/ 

15 ^H-/©GaN!7 50±M$n5. f©t> -t©tfsfi»*%> 
0««±©^**>£A K-yOGaNl7 5 fc£©»#£-85lfc£L 
, S &fc-€-©-»»4bfcMPffi7 8l:Ti/AI/Pt /Auil§ 
mm?%o dOTi/Al/Pt /Auil^nli7 7 <hfc5. 

20 ©DDia»tt«^^6aWWfcJ«**itT56^»ft«*&»«bTfeD» 

£ t> © <fc 0 t> I n©UD&3-*#4>&< b 

25 &8Bfly 5 
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S = 

Sg2 3 0ld^f«t5t» SS±I$C+Itt5t77'f7S«8 0 
±ld, £1*5 0 OXKD&WlT'A 1 N*fcttG aNCDVi-fn^O/ty 77 
5 I^Mt^. J t<D'&ftM.Ll 0 0 ortdLT^U □ > h*-y©G aN 
Jl 8 1 Sr^fig-TS. S i O^fcttS iNSffl^fc7X^I8 

2 ££®tcj?$ 1 0 0-5 0 0 nmOttHTJBJfcU 7tbUV^77 

> h£fflV>T 1 0 timx 5 0 mgg 
<DHP«*>&fc*J6««8 3 *»Jfc1-*. ZCDtZO&ilKDtfote 1 - 
10 1 0 O^lRHCtS. $-gf8ft/fc*fcfr uOtfttlO 

0 0 < C@StC±#b> >'ij3>K-7'0GaNl8 4§^tS. *>U 

15 ^ns^aicrs- 

£&MLT, gttlt^5InGaN185&^St5. 
g£|?tf±#$12\ pS:7 HItUTO , 7n>'9A F-7©Ga 
20 Ni8 6S^5$t5. ^-OlS©InGaNi8 50JIS(iO. 5 nm 
^5 3nmgra5. $ bizmftomffim 1 , 2tI^«ltC, 
(A 1) GaN/I nGaN^i^Fi^ll^fiftfttS 
FltlTiinGaNSfclil nGaNSfi^T 
^SflMSfTS^t*)**. InGaNOt<±©il:ttAl 
25 GaNi§^t5ut)5JISl^^lt M&©^»J£llii-C&5o 
•T^^lO-Sli^iiPbTGaNiS lSiW^t, £e>tc 
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*-©Ufe*l/&«#fcT i/Al/P t/AuiMtn, nn#n 
«®8 7 S&fcAfcflLfclC&fib&ftSBlCN i/Pt/Au 

JfcttN i (Pd)/Pt/Au^Itt5. !L©**K:.fcD Ptl8 

SCl±(DpiS8 8 at (11-22) ®±0pS@8 8 b£J:tf S 
SUM 6 

0±fc«, »aa«t3ft*5/U3>H-^©G'aNJi9 2 
•>ij3>H-^©GaNI9 5£*TLTV>5. HO*>'j3>H-^OG 

&5^tf-C?£44jf-?&£ I nGaN|9 6#J8j££ft, £ I n 

25 GaN!96±l:^7y HI £ l/TT^j/<> A H-^CG a Nidif 



46 



WO 02/07232 



PCT/JP01/06214 



->U 3> F-:/©G aNl 9 5 ttSi5fc«fctf CffiTBtotlfcAAaifc 
^^TfeO, SttJlT&S I nGaNI9 6 S®*3«fctfC®K: 
¥fr LTM££ftTV>S. :©InGaNi9 6©«}i, S®43«J;^ 
CiBTfffifcnfcAft«l#»«©'GaNJi9 5 ©^ttfcfcBfcLT, ^i&S 
5 2 fgft&S^ 9 7 &51ft^ilJ&:ll<Z)C®<Mfc?£j£$n, 

©H 1 9. 8 ttI5?gSMi©Sl0^l3($Snt^ 

5. *^38ft»IHKtt9 7»«*tf»6©B3fc*SU ^l^Sli 
$9 8ttfl*«Wfi©$6ftfcM-r*. 

^-IT, CB«l©»2 5fi^»fi*«9 7lC«««0M&'r*p*tt9 9 

io #»jfcsn, s®«©«i»^«**«9 8tt««*tti&'r*p«*i 

£©£««©H*£jSftS», #£©fgft£f? 5 ****** 9 0±fc 

mmzti-D^z MHS#fc«cfc**©tti&®^&#*&'*'3 

^S-fraSSftfit-? LT7;W;&9-©IiftSjSg«£«J5fc*C# 

m v % t & § a; 5 55: m # * #mr 5 h t 1? w mm t l t % 

20 /JH>5££#T?#5. 

£¥g#8ftm*teEDfc©£&^£tfT^T£;i£#^£ 
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c+i$s^itnf77^7S«i i o±tc, soot: 

©MTA 1 NicfcteGaN©V>1*tt^©MA>7 7S£^Jifc-r5. 
5 -£©&, Ml 10 0 OtClTi/'J 3>H-^©GaNl 1 1 1 
tfL-fZo *<D'&, S i O t £tz\tS i Nfc/IH^c^X.^S 1 1 2 ££ffi 
10 0- 5 0 0 nm©$5fflT^£fcU 1 0 u mgg©H P$ 1 1 
3 S7*h'JV^77^-i7y|||Xyft>hWT^n ( 
312 80) . £©ISPgBl 1 3«^©^IIS^itC^ViT«i!lSR^7^^1?$) 

*■©«*> 3 -ftttajfc**fr3*«, J:©t#«i o o ox:®m\z±%- 

U I^MSIT^SS i K-7*OGaNll 1 4*&muUl 1 
3l:Mt5. S i F-7°©GaNS 1 1 4&TX£g 1 1 2©Pf Pg& 
1 1 3fcjfcftf**«, Utf6<*fift«Ht*fc^HOi8«*lbT< 
15 3. J £-OHA^i(D^®ttl2 9 0t^-r«fc5(CS® (1-101) ffi 

ffii i 3otry^ttW©**»ft«a3a:v»J:5tc+»c;iiUT*<*» 

as^SISS i F-7*©GaNil 1 4TMlfcittJe<I 
iR)«*ft«^ft«<!)**S«»i2 0 MmigS (-5fl#l 0 fimgt) 

20 tc^ofc^, ss^teASSitbT-?-©-®© i . Qfeumzuy), ssn 

t LT 1 6 jtimggfcfc*. £©ci:5ftS (1-101) MTMfrns 

©*#£;WI2 0 Mm@&f*0!J*T?<& «*tfAa*i©*#S£Sl 
25 0 itmtSttSJlfcfcjili-p**. 
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nGaNlll5 ^Oi, AJfcftft*J:#U Mg h*-?" 

OGaNill 6*^ft«t0»»&«5±5K:«fir*- ^3 OTO 
InGaNill 5 l/TJt^ftTV**. *-0l&0 InGaNll 

5 5 nma>S> 3 nmiggT&5. $ S> (A 1 ) GaN 

/ 1 n g a Nffimvm^xpmi&^&mmTXrffimte z\ztzz\th 

&K>. ^< HlGaN^fcai nGaNSffl^t^iiitLTfe^ 
. *t<r)U. I nGaN®1-<"lOll;ttA l GaNl$j$lt5Ci^ 
dOWfjGn?, *gttJfT*&£ I nGaNIl 1 5 ©WJI* 
10 tt, Slt^^WcA^iCGaNil 14©M$K^bT, 

15 

»12 1 S6WO-»R3cbfcHP»l 2 lO^^^ltC 

Ti/Ai/p t/Auig$itts. :n^nii 1 2otft*. 

£Sfc*a«fe±fcj££L&**JifcN i /P t/Au^gSfcttN i ( 
20 Pd) /Pt/Auii&ift5. ^niC^O pM*«#JfcS'tt**« 

7-CN i/P t/Au*«f;fcB:N i (Pd) /P t/AulIW 
ttK:l&3c£n» J§3 lHOJ:3fcAaH®ffi2#lRl£3#fflSftfc£JR 
0P«|117, 118, 1 19^2St5. p^gll 7«Ife» 
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o\zj&&2tiT^z>o pill l 9»ft<bftV)&ftcD983^ttM«k:»- 

m<D±&frt>T&\ZMlT l 0 0 7551 5 0 nm0$S0i/7 hffimM 
$n> cnit (4 7 0 nm- 6 2 0 nm) © 

SftlffllHfc**J6*r*. C©fc»C©**«©*JI|#»3t*^tt, Pii 
11.7, 118, 1 1 90i^l:iMfilSIl;^oTlA5C(!:l: 

tun, 118, 1 1 9fc^i;ra«#AT»fi©jifc*fia*&# 
^s««K:*a©«*T?* 0, 3g3 1 itiistc^sic^^sn 

15 aNill 4©*®«fcKtt*E£feT>Jire**. 

*■©«, ^3 2 0tc^-rj;atc, 3#«3nfcp*«©»j«snfc¥ 

$ ± \i Z> Z. t ifi-c * 5 0 
C©J:3fettJfiX8-Cf»jfi*nfc^©*lt«a©583te*^tt» ^330 

25 t77-f7S«l 1 0±fc»MM£fc*«>U3>F-:/©GaNMl 
1 1 t^^I 1 1 2 ©§§□&! 1 3 *#LTa^j£ftbfcaMR*&ftj£ 
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SItlTO'>'J3>K-y©GaNi 1 1 4£^bTV>5. 
□ >H-^(DGaNil 1 4 ft, S«£Ii£tt{£&UTfcaS®£*rL 
T43D, JL©S®fc¥mcE£LTfc3^#-eig&llT<&5 InGaN 
111 5;«&$*U 3 SIC*'© I nGaNil 1 5±l:^7»; FJifc 
5 l/T^^i/^A H-^CG aNI 1 1 6W*£ftTV>S; 

->ij3>H-/©GaNll 1 4ttSIBT?**:bnfc*a«J&# , 7?fc 
D, SilTfeS InGaNill 5 &*©=& S plc¥fr hXMtE^ tl 
TV>5. £© I nGaNil 1 5 W*«lC5fiVi« t*«t3t^«T?tta 

10 fc D ^^»^**tt*«teifiV*»»3&««*fifiJ £ $ nfc^l 3 © 
3§ft&*£S$l 23, 1 2 4, 1 2 5#I nGaNil 1 5\Z&!&2n 

Htl6 0»175S»3 05fi^«[fi**l 2 3, 1 2 4, 1 2 5CM 
LT"7^'>f AH-^OGaNi 1 1 6©±tCttp«@l 17, p« 

15 ins, pii 1 1 9&Mi&ztiT&K>, ^n^n^S: ut§ii 75 

If3®MSiil 2 3, 1 2 4, 1 2 5 fcm8K©&A#*J^<i:fc 
niil2 0lt AA«l»^©ffl!«T?IBP«nfcWlP«l 2 
10®JiM$nT*!3, ->'j3>H-^©GaNil 1 l^LT 
3>K-7©G aNI 1 1 4fc»l*LTH*. 

fifbic at, *©Tic^j£$n5gft*fc*Lfc3ft*§£iriG 

IItl/T©>''j3>|<-yoGaNll 1 4©gfc£®^e><®&bfc 
S®£*iJfflU *©S®lC#tTi£ttJf £*©£*$*£-££ 

n*Jl£K:&?K f*M<#&T*fr:?ttlltt©$fct>»tf>&V>i:£fc 
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v/i i i Jt£&<f zzLt&ejmr&r)* mfc-znz^mft&ytm? 

< t % w\ m \z 2 -o <d mtz z> (omttt *j m t & 5 . 
mss fly 8 

15 ^iMI^^l, S®©MgR#£S&#fc#ttT2 6<D^&gl;: 
^Lfc^AOpS^^^^-rSflilTafeD, SI 3 4 075MH3 9 0£# 

C+SSg^S^TSi^T-f TS«1 3 0±fc, 5 0 0t: 

20 ML 1 0 0 0tl:l/T'>'j3>H-^GaNil 3 1§f 

fiKtS. S iO,J&ttSi NSfflVifcTX^S 1 3 2 

1 0 0~ 5 0 0 nmOlgHT^^b, 1 0 umMm<Dffin& 1 3 

H3 40) . z.<Dmn®i s 3\t£<DnMm\z&^T\mn%Mvi-v& 
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U M$U&&J&&Mt&Z>S i F-7©GaN113 4&&MPS&1 3 
3 \zmf$,t%o S i H-yOGaNi 1 3 4ttY7^il 3 2©B!P& 
1 3 3 fc&ft e><$^£i^ttS£*&$l©7W£MLT< 
£. *OBAA«l©a®ttll3 5Bfcw"rJ:3fcSiii (1-10 1) ® 
5 -elfctlS. &&W8ifi%QUK£Xft-£MMftKtSi%1fi* S® (1- 
10 1) 1iraBtott*AAfcK:fcS*T!S i F-7©G aNl 134S 
figgl"*. *©fc»K:HnSl 3 3 ©H-/^«+^lcHLT^<^^ 
A£8££S i H-yoGaNl 1 3 4TMtfctt«&<M 

10 ftofcB, »SttAa*t£l/T*©--ja©l. 6«g«fcfclK 

UT 1 6 tfmigSncfcS. iI0<i;5&S (1-101) MTSfrftSA 

15 ££>fc:S i K-yOGaN$^t. ^©^J^itSfcteMb I 

nG aNl 1 3 5 ^O^v Jj£ftiag£±#U Mg 

©GaNii 3 6 ttftmomft^m.? A^tcrisft-r*. «a eera* 

I nGaNll 3 5 l/T»#nTV>*. •£■©!&© I nGaNll 

3 5©JP£teO. 5nra^S3nmgiTa5S, $ S> tC (A 1 ) GaN 
20 /I nGaN^jS©»^#P^oi^#a*?#F«it^^(C-r5>il < i: ! b 
&K>. 13 ^ FiGaNJfcttI n G aN£#V>T^m*£it£ bTfc&V* 
0 ^-©|&, I n G aN©t<T±©ll:ttA 1 GaNi^^tSii^ 
g£UVi. £©B#£T, I nGaNll 3 5 ©»£<*>* * 

S®T&*3fc>n£7 , N£$l©G aNl 1 3 4©»ft*ElftUT, -£© 
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mi 3 8£#J*U 3&fc*©-»|»SbfcHPai 38CTi/Al 
/P t/AulKlftS, Cin^nfil 37t^5. .S 
i±l:^bfcSSil?fc5Mg H-y©G aNl 13 61tNi/P 
10 t/Au§I*fcSNi (Pd) /Pt/Aufl^lftS. lOfel: 
Ni/Pt/AuiJfctiNi (Pd) /Pt/AuiSlfUT, 7 

fcH<&a0a#£®0$#K:#8dU I3 70©J;5(C, A£$£©ffi$ 
^t3a»^Tf»iibfcp«ff 1 3 9, 1 4 0 Sr^^-T5. Aa«t©H© 
15 MtlOMTttMiSOlft^iMM^M^nTV^fc 

Tf, W<tfe4 7 0 nmt 5 2 0 nmOf, Jtfc^ViTOSS^&fiS 

fc.k*»ft«fi«£©»*, 5 0 nm©^©'>7 b#MI£*lT^£ 
20 . Jintt, (4 7 0 nm- 5 2 0 nm) ©i&g 

MWKl^UTViS. ^-©*^rtT?«fi©afeS583t*w-rJlt^"C 1 

#5. £fc, pfll39, 1 4 o \zmc®%%*z.xWL&<D&uzm 

®%%\z®nmzvT&m*. &mzfoCTfc&fcft*{&<nm<nm% 

9< *-KTinAn«efe#Mfcfc5. niil3 7H30M 

25 *ftft*lC#9©MT&D. 13 7H*Ctt»«©*B«fc»a3nT 
H***, it77-f7Stl 3 0 £#LfcfcfcaiRJI&i&J5fcgJlT?&SG a 



54 



WO 02/07232 



PCT/JP01/06214 



Nil 3 4<DmmW\ZWLV}ZZtbm®?&2>. 

?z> (§3 8@) . z.n\z& o z<DmMm\z&z%ytm?ftKf&tz>o 
%fflft<T¥-ftfc®fr*m^%tzz\z%yb®&z±tfzzttfx%z 

o 

io ^lic+ssi^sits^T-fTSisi 3 o±icigsagt 

fe5->'j3>l<-y©GaNll 3 1 b^TsZm 1 3 2 0PIPH51 3 3 
113 4£fLT^5. COyU3>F-y©GaNl 1 3 4 ft g« 

15 5f«TSttitS5 I nGaNIl 3 5j&*J£j£3tU In 

GaNll35±t^79 Hltblvnv'^AH-yroGaNIl 

3 6iWj&£nTV>&. 

H-y©G a N113 4 S iBT**t>nfcAA*6»JK*C» 

D , SttJlT?** I nGaNIl 3 5 tt-t©£S iBfc^frUTKfcSn 
20 TV>5. :OInGaNil 3 50«W(1 S WT'j£&t)tlfz/s 

^WOGaNi 1 3 4 0^^SrSefeL,T, *<DJ&mzm&~? Z>m~Z 

»riH>j»##ftfcs «fc a i3^$m* o , £&g©n 2 fsftfc^« 
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z.n*><Dm i 2 <D%yt®.&&®\zMfehT-? & 

~7<DQ a Nl 1 3 6 0±Cttptil 39. pMl 4 0#i&)&£*lT 

5 HOg&l 3 8<DmmzMtfL2tlT&r). ->U3>H-y©GaN113 
2^H">U3>H-yC!)GaNll 3 4 IC&^LT^S. 

v/i i i it*&<?z>z\£tf*imr&K>, M&znz^m&ftytm? 
z.<DmmmteV7 r ^ 7&&±\zw.&m${f$.-Bz°v\ s 

£1\ C+®^S«^®,h-r51f7 7-rTS«l 5 0±fc, 5 0 0t 
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1 0 0 0tl:lT^U3>F-y®GaNll 5 1 *M 
l&irZo fCDi, S i 0,£fc«S i N£IBV>£TX£JI 1 5 2 ££® 
KJPS 1 0 0~5 0 0 nm©$6HT^$U 1 0 umUg.<Dmn®l 5 
5 3£7tf h*)W?7<<*-t7yn*^y?- J r>h*m^TMl$,?Z> ( 
i40@) . J10HO»1 5 3»C0**ftlK:*V>Tttien»»«T* 

*©ft%>5-gi|gi&ri&fi*fr"5#, Jl©££ttl 0 0 01C@S{C±# 
U i/ij 3> F-^0G a Ni 1 5 4 SlMfiK <toT«fi!ct5. H 
10 ©~>U n> F-7*©G aNl 1 5 4 ? <DPB 5 3 ICJ&STsa* 

c ^ ©!&;*£$!©&©« SM (l'-lOl) MrWit>ti> H(it7 7 

15 ^©GaNiSMbfci, LK££> </£fi£fTV^ $ 5, fell 1 
7'; KlilTO^'J 3>H-y°0G aNl 1 5 4$figfil, 
&Mm&t&ML I n G a Ni 1 5 5 £j&fiT5. ttV>T&fii&££±# 
L, 8£4 2@l:^f e fc5(; ) Tn^AH-yOGaNil 5 6^ 

20 fO|g!0InGaNil5 5©)l$ttO. 5nmS^3nmlItS 
£. SttS tLTtt, $ & \Z (A 1) GaN/InGa N$jg©M^# 
Ffcifi (QW) ^Mfi^tfFStii (MQW) fc^fc-TSZlfcteSblK 
;*H FIGaN^fctt I n G a Nfcffl V>T£S;|ii£ tTS £ t "b* 5. 
^•©[^ I nGaNOt<J:©il:ttA 1 GaNiSMtSIt^I 

25 £Llr>. S&JlT&S I nGaNfl 5 S (Dfafo^Bfrfe, ttffitfSiS 
TMt>n^o±®*i^i®lc¥fT^C®TMt)nfcAIIII-&^©Ga 



57 



WO 02/07232 



PCT/JP01/06214 



N115 4©«MK££&LT, ^©^^l:i^T5^TCffitS®Ttt 
tl^tS.tT, £ 1 2 ©5B3feftfiffi«S#j£T3 C £ 

5 

fO^i^fe^ISOTX^i 1 5 2 LTPIP 
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